Introduction
Limited information is available on optimum levels of dietary Ca and Zn and on Ca x Zn interactions in growing lambs. Zinc deficiency (Ott ct al., 1964 (Ott ct al., , 1965 and toxicity (Ottet al., 1966) have been described in growing Iambs and indications of Zn deficiency have been reported in reproducing ewes (Apgar and Travis, 1979) . Zinc requirements of ruminants appear to be related to composition of natural diets (Ott ct al., 1965; McDowell et al., 1978) . The addition of low levels of chelated or sequestered Zn to purified diets for lambs appears to prevent Zn deficiency (Ho and Hidiroglou, 1977) . High dietary Ca increases the dietary Zn requirement of swine (NRC, 1979) ; there is less evidence for such a relationship in ruminants (NRC, 1975) , although Suttle and Field (1970) reported increased fecal excretion of Mn and Zn in sheep fed a high Ca diet.
The present experiment was conducted to determine the effect of dietary Ca and Zn levels on body weight gain, feed utilization and blood and tissue traits of growing intact male and female Iambs sired by Columbia or Suffolk rams.
Experimental Procedure
One hundred and sixty weanling Columbiaand Suffolk-sired crossbred lambs (about 8 wk of age and 19.2 kg body weight) were randomly assigned within sex (80 rams and 80 ewes) to four diets in a 2 x 2 factorial arrangement of treatments involving two Ca (.5, .8%) and two Zn (20, 100 ppm) levels with two pens of 10 lambs of each sex fed each dict. The composition of the diets is given in (Sanford and Sheard, 1929) , hematocrit and plasma Ca, P, Zn, protein (Gornall et al., 1949) , albumin and alkaline phosphatase concentrations. Plasma Ca and P and alkaline phosphatase determined by autoanalyzer 3 methods; Gitleman (1967) for 3 Technicon Autoanalyzer II, Continuous-flow analytical instrument, Technicon Instruments Corp., Tarrytown, NY 10591. Ca, and Kraml (1966) for P and by a modification of the Babson (1965) phenolphthalein monophosphate method for alkaline phosphatase. The Ca, P and Zn concentrations in liver and bone ash and Zn concentration in plasma were determined by atomic absorption spectrophotometry. After 84 d, four ram Iambs from each treatment group were slaughtered and the right humerus and liver were removed for measurement of bone ash percentage and Zn concentration of the bone ash and dry liver. Remaining Iambs were shorn (64 males, 80 females) and fleeces were weighed. Body weight, feed, wool and blood data were subjected to analyses of variance. Analyses of w.riance of feed intake and performance traits recognize the pen of lambs as the experimental unit. Each pen contained 10 lambs; however, the sire breed composition was not consistent across all pens 9 The number of Suffolk-sired lambs/pen ranged from four to nine 9 As the total number of lambs/pen was constant, a covariate for number of Suffolk-sired Iambs was used to test a breed substitution effect. A .significant breed substitution effect would be interpreted as a nonzero difference in the dependent variable between Suffolk-and Columbia-sired Iambs. Also included in the model were sex, diet and sex x diet effects. For body weight, which was measured periodically, a split-plot analysis of variance was conducted 9 The whole plot was as described above. In the subplot, the period main effect and interactions of period with sex and diet were included. The plot error term used was the residual between pen variance after accounting for whole plot effects. Subplot error was the residual within pen variance after accounting for subplot effects.
Analyses of variance for blood characteristics were conducted on individual animal measures rather than pen measures. Whole plot effects were sex, sire breed, diet and all possible two-way interactions. Whole plot error was the residual variance among animals after accounting for whole plot effects. Subplot effects were period and all possible two-way interactions of period and whole plot main effects. Subplot error was the residual within animal variance after accounting for subplot effects. Humerus ash and humerus and liver Zn data were subjected to a one-way analysis of variance.
Results and Discussion
The effects of level of dietary Ca and Zn on weight gain and feed consumption are summarized in tables 2, 3 and 4. Males gained more weight during the 84-d feeding period than females (32.2 vs 25.4 kg, SD = 2.0), but there was no difference due to diet or to breed. Body weight gain and feed consumed were greater during the second one-half of the experiment than during the first one-half. Feed consumption was not significantly affected by diet, breed or sex.
Data on blood traits are summarized in tables 5 and 6. Diet, breed or sex effects on hemoglobin levels and interactions with time were nonsignificant. Males fed the .5% Ca, 100 ppm Zn diet had reduced levels of hemoglobin compared with males fed other diets, whereas in females, hemoglobin was not affected by diet. The biological importance of this sex There was no effect of diet or breed on growth of wool, but males grew more wool than females (1.42 vs 1.26 kg, SD = .27). Because lambs were not shorn before the experiment, shorn wool weights included preand post-treatment growth. Zinc concentration of dry liver was unaffected by diet (115, 123, 113 and 139 ppm for diets 1 through 4, respectively, SD = 20.4). The similar performance of lambs fed diets containing .5 or .8% dietary Ca and 20 or 100 ppm dietary Zn indicates that the Zn requirement of the growing lamb is not increased by high dietary Ca, in contrast to the general observation in growing swine in which high Ca precipitates a Zn deficiency. The values for blood metabolites and for tissue Zn in this experiment confirm the lack of evidence of a Zn deficiency in Iambs fed a high Ca diet. The slightly higher plasma Ca concentration of lambs fed a high Ca diets suggests that the recommended dietary Ca level (NRC, 1975) of (Columbia-and Suffolk-sired crossbred) growing lambs may be marginal. However, supporting evidence for a marginal Ca deficiency is not provided by weight gain, feed consumption or changes in plasma P concentration. There was no diet by time interaction, suggesting that age did not have an effect on Ca or Zn requirement as measured by body weight gain, feed consumption or blood characteristics (except Zn). The similarity among treatment groups in percentage bone ash (57.9, 59.7, 57 .9 and 58.8% for lambs fed diets 1 through 4, respectively, SD = 1.1) and in Zn concentration of bone ash (180, 197, 172, 224 ppm for lambs fed diets 1 through 4, respectively, SD = 26), however, supports the conclusion that the growing Suffolk-and Columbia-sired crossbred lamb raised in confinement on ungalvanized expanded metal floors from 8 to 20 wk of age requires no more than .5% Ca and 19 to 26 ppm of Zn in the diet for normal growth and feed utilization. Underwood and Somers (1969) showed that Zn supplementation to lambs 16-wk-old receiving a basal diet containing 2.4 ppm Zn resulted in faster growth. They concluded that a dietary Zn level of 17.4 ppm is adequate for growth of ram lambs, but is inadequate for normal testicular development and Mills et al. (1967) concluded that a Zn intake of .2 mg-kg body weight -1 "d-: was sufficient to maintain growth, but insufficient to prevent a reduction in plasma Zn in growing lambs. The Zn intake of lambs in the present experiment exceeded .2 mg'kg body weight -I'd -I and there was no evidence from the plasma Zn determinations of Zn deficiency, even in the lambs receiving high Ca diets. The basal diet fed by Mills et al. (1967) contained less than .2 ppm of Zn. Therefore, the intake of gn associated with a Zn deficiency by Underwood and Somers (1969) and Mills et al. (1967) was five to ten times less than that provided by the commonly fed alfalfa-corn-soybean meal-type diet used in the present study. It is concluded, based on the failure to demonstrate differences in body weight gain, feed utilization or tissue and blood traits in response to different levels of dietary Ca and Zn, that growing Suffolk-and Columbia-sired crossbred lambs require no more than .5% Ca and 19 to 26 ppm Zn in the diet. Furthermore, it is suggested that an elevated level of dietary Ca does not induce clinical signs of Zn deficiency in the growing lamb, in contrast to the general observations of this relationship in growing swine.
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